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1
CRIMPING PRESS

This application is a Continuation-In-Part (CIP) of copend-
ing PCT International application no. PCT/IB2011/051576
filed on Apr. 12, 2011 and published as WO2011/128844A1
on Oct. 20, 2011, which in turn claims benefit of priority to
prior Swiss national application CH 00530/10 filed on Apr.
13, 2010 and also to prior European (EPO) application
10160378 filed on Apr. 19, 2010; the entirety of parent PCT
International application no. PCT/IB2011/051576 is hereby
expressly incorporated herein by reference, in its entirety and
as to all its parts, for all intents and purposes, as if set forth
identically in full herein.

The invention relates to a crimping press that typically
includes a first crimping tool, a second crimping tool movable
relative to the first crimping tool, and a drive for applying a
crimping force between the first and second crimping tools
during a crimp production process.

Crimping, which is a specific type of flanging, may be
understood as a joining process in which a wire or a cable is
connected to a contact that is often in the form of a plug, by
means of plastic deformation. The resultant non-releasable
connection between conductor and contact ensures a high
level of electrical and mechanical reliability and therefore
constitutes an alternative to conventional connections, such
as soldering or welding. A very common field of use for
crimping can therefore be found in electrical engineering (for
example HF electronics, telecommunications, automotive
electrics).

The crimping connection is produced by applied pressure,
wherein crimping profiles matched exactly to the connection
part and the conductor cross-section cause a precisely pre-
defined deformation of connection element and conductor.
This process is generally carried out with the aid of special
crimping pincers or a crimping press. Whereas crimping pin-
cers are generally of relatively simple structure, the structure
of crimping presses is comparatively complex. An unfinished
workpiece, that is to say a wire or cable normally already
having its strands bared, is placed into the crimping claw of
the contact in the press. The contact is then pressed together
with the wire or cable in the tool of the crimping press. A
punch presses against this tool to produce the pressure
required for the crimping process.

For example, U.S. Pat. No. 4,805,278 A1 discloses a crimp-
ing press for this purpose. This crimping press has a crimping
tool and a separating tool, the crimping tool being biased by
a spring so as to hold the cable and the crimp in position for
the actual crimping process.

European patent publication no. EP0332814A2 further
discloses a crimping press in which two jaws spread apart
from one another by spring force are arranged in the main
body of the tool. These jaws are initially driven together by
the ram, the wire being trapped therebetween. The part car-
rying the jaws is then moved downward by the ram, and the
wire trapped by the jaws is placed into the crimping claw.

In order to obtain an optimal crimp connection, or to ensure
the quality of a number of crimp connections made in suc-
cession, the force-path curve or force-time curve during a
crimp production process is established at very frequent inter-
vals. To this end, the force acting between the two crimping
tools is recorded according to the distance between the two
tools and is analysed in terms of different target parameters. If
the actual curve differs significantly from a target curve, the
(defective) crimp connection should be separated out, or
parameters of the crimping press should be readjusted, so that
proper crimp connections are again produced.

10

15

20

25

30

35

40

45

50

55

60

65

2

A drawback of known crimping presses is that the drive of
a crimping press generally includes a plurality of movable
components that are interconnected by different bearings. For
example, an eccentric press has a drive shaft with a drive shaft
bearing. This drive shaft in turn includes a cam that is
mounted in a connecting rod. This acts on the press carriage
via a connecting rod bearing, with the press carriage being
mounted on either side in a carriage guide.

Considering such arrangements, since the parts may be
moved relative to one another, all of these bearings may have
play. If the measuring device operates in a highly sensitive
manner this leads to disadvantageous consequences when it
comes to establishing a representative force-path curve or
force-time curve during the crimp production process. It may
be understood that the individual bearing surfaces are pressed
against one another by the forces effective during the crimp
production process. Unfortunately, this occurs in a largely
uncontrolled manner, and sometimes even chaotically. This is
because the bearing surfaces of the individual bearings are
pressed against one another at different times, depending on:
the type of bearing, the effective forces, the properties of any
lubrication in the bearings, the tools used, the nature of work-
pieces to be produced, etc. This phenomenon is expressed in
the force-path curve or force-time curve by flat areas (chang-
ing path or changing time with constant force), or by local
minima and discontinuities. The fact that the conditions also
change with increasing operating time of a crimping press
further complicates the situation, given that the state of lubri-
cation in the bearings may change, or the bearings may
become dirtied or worn.

As a result of these unpredictable influences on the force-
path curve/force-time curve, caused by the crimping press,
these curves may only be employed to draw limited conclu-
sions regarding the quality of a produced crimp connection,
and they may lead to conclusions being drawn that are not
dependent on the actual crimp. In such circumstances, it is
unclear whether a defined force-path curve/force-time curve
originates, even if only over portions, from the crimping press
as such, or from the workpiece as such. It may be understood
that this may be considered extremely unsatisfactory.

According to the prior art, it has therefore been attempted
to produce the bearings of a crimping press with as little play
as possible, or to adjust them accordingly by precise manu-
facture of the main individual parts. For example, these bear-
ings include tightenable barrel roller bearings, or cone bear-
ings, or the like. Both possibilities are technically complex
and therefore time- and cost-intensive. In addition, they often
increase friction and therefore the ease of movement of the
press.

It is advantageous to provide an improved crimping press,
in particular a crimping press in which the adverse effects,
resulting from bearing play, upon the established force-path
curves or force-time curves may be reduced.

This advantageous effect is sought by a crimping press of
the type mentioned at the outset, additionally including bias-
ing structure applying an initial force between the first and
second crimping tools. This biasing structure is oriented in
the same direction as the crimping force and is already effec-
tively acting before the crimp production process.

Advantageously, the bearing surfaces of the individual
bearings may already lie against one another, in contact, to the
greatest possible extent before the crimp production process.
Thus, the force-path curve or force-time curve is hardly influ-
enced, or, at best, is not at all influenced by bearing play
during the actual crimp production process. Abnormalities in
the force-path curve or force-time curve may therefore be
associated clearly with the crimp production process to the
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greatest possible extent. Accordingly, the quality assurance of
the crimping presses may therefore be much more reliable
than that of known crimping presses. In addition, it has sur-
prisingly been found that, in addition to improved and more
expedient measurement results, the actual crimping process is
also executed harmoniously, and the quality of the crimping
cycle is therefore improved. Therefore, the crimping opera-
tion is also better. In addition, not only is the crimp thus
improved, but the service life of the tools, bearings and all
mechanical components is also improved, since these are
therefore looked after. The noise levels produced by the press
may also decrease, constituting an additional advantageous
effect.

Increased reliability is not achieved by merely using pre-
cisely worked or better-adjusted and expensive bearings, but
much more favorably by employing biasing structure. In
addition, it must be noted that, in any case, the notion of a
play-free bearing is contrary to a free movement of the
mounted parts and is therefore more or less unattainable. As a
practical reality, some specific play in the bearings therefore
basically always has to be accepted. The prior art thus pursued
the wrong approach by merely providing more precise bear-
ings and better-adjusted bearings, since the fundamental
problem primarily cannot in principle be solved in this man-
ner, or may only be solved to a limited extent.

Thus, it is advantageous to have the possibility to construct
a press using machine elements of low precision, and to
likewise save on adjustment procedures, without having to
dispense with the detection of a meaningful force-path curve
or force-time curve. Furthermore, the fact that no abnormali-
ties can infiltrate the established force-path curve or force-
time curve before the crimp production process is problem-
resolving. Achieving a significant effect with low effort is not
only cost effective, but also efficient.

By extending a press by the biasing structure, existing
presses, in particular presses in which there is play, may also
be converted by retrofitting into presses that operate in a
precise manner.

Such measures not only positively affect the establishment
of'a force-path curve or force-time curve, they also influence
the production process of a crimp connection in an advanta-
geous mannet, given the reduced influence of bearing play.

This result is advantageously independent of the type of
drive mechanics of any specific press to the greatest possible
extent. Consequently, the invention may therefore be equally
useful for crank presses, presses having a camshaft and car-
riage slide, spindle presses, and toggle mechanisms.

Within the scope of this disclosure and appended claims,
the term “drive” should be understood to denote not only a
motor as such (that is to say for example an electric rotary
motor or a hydraulic linear motor), but also the structure for
transferring the motor force onto the crimping tool or tools.
The “drive” therefore also includes all types of intermediate
shafts, discs, journals, levers, pincers, carriages and the like
found in the drivetrain.

Advantageous variants, versions, and developments of the
invention shall become clearer from the following descrip-
tion, considered together with the figures of the drawings, as
well as the appended claims.

It is particularly advantageous if the initial preload force is
of'such a strength that bearing surfaces of the drive lie against
one another, without play, before the crimp production pro-
cess. In this variant, all bearing play is eliminated before the
actual crimp production process, and therefore the crimp
production process, and, in particular, the establishment of a
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force-path curve or of a force-time curve during the crimp
production process, may progress in a manner largely unaf-
fected by bearing play.

Itis advantageous if the biasing means are prepared so as to
apply the initial force directly to the first and second crimping
tools. In this variant, the initial force is applied directly to both
crimping tools, thus ensuring that all bearings arranged in the
progression of the drive are influenced by the initial force.

It is further advantageous if:

the crimping press includes a machine frame, relative to
which the first and/or second crimping tool may be moved;
and,

the biasing applicator for applying the initial force is pre-
pared between the machine frame and the first and/or second
crimping tool.

In this variant of the invention, an initial force is applied
between a crimping tool and the machine frame. Depending
on the circumstances, this may be easier to implement than
application of the initial force directly to both crimping tools.
If one of the two crimping tools is arranged idly relative to the
machine frame, application of the initial force to the crimping
tool movable relative to the machine frame is generally suf-
ficient. If both crimping tools are movable, then an initial
force is advantageously applied to both of them.

It may be advantageous if the biasing applicators are
formed by at least one spring. Particular nonlimiting
examples of springs include a helical spring, a Volute spring,
aleaf'spring, a disc spring, a gas pressure spring, an elastomer
spring and/or a spring made from a fiber composite material.
These springs may be of a known per se type, and are estab-
lished means for applying a force. These biasing structures
may therefore be used in practice in a particularly simple
technical manner. The aforementioned springs may have dif-
ferent characteristic spring curves and may therefore be
adapted particularly effectively to particular requirements
according to the invention, for example by a combination of
different springs and spring types. Depending on the design
of the press, different characteristic spring curves may be
advantageous.

Springs may also be divided into pressure springs, torsion
springs, flexible springs, draw springs and gas springs. All
types may, in principle, be used to achieve the advantageous
results, wherein pressure springs, draw springs and gas
springs are particularly suitable due to the generally linear
movement of the tools. Gas springs may also be adapted
particularly effectively to a required spring force by applying
more or less pressure to the gas spring. Elastomer springs
offer high mechanical load-bearing capacity in addition to
excellent damping properties as well as good resistance to
many chemicals and oils. Due to their generally smooth sur-
faces, they are also less susceptible to dirtying and are easy to
clean. At this juncture, it may be also be noted that, within the
scope of the present disclosure and claims, the terms “elas-
tomer(ic) springs” are also to be understood to include
springs made of silicone.

It may also be advantageous to form the biasing structure
by at least one actuator, in particular by a pneumatic cylinder,
ahydraulic cylinder, or a piezo element. Instead of a spring or
possibly in addition thereto, an initial force may also be
applied in principle by an actuator, for example by a pneu-
matic cylinder. Corresponding pressure is applied to this
actuator before the crimp production process. Since variable
pressure may also be applied to a gas spring, in this view, any
dividing boundaries between gas springs and pneumatic cyl-
inders are hazy. Actuators may advantageously also be
relieved completely where necessary, and thus may be advan-
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tageous in particular when changing a tool or when perform-
ing other maintenance tasks on a crimping press.

It may be advantageous to form the biasing structures as
adjustable, in particular if they are adjustable manually or
automatically. The biasing structure may thus be adapted
optimally to a crimping process. In particular, aging effects of
the crimping press (for example dirtied bearings, altered vis-
cosity of lubricating grease) and temperature influences may
therefore also be effectively compensated for. In particular, it
is also conceivable for such adjustments to be made automati-
cally. For example, a biasing force may be adjusted according
to an ambient temperature.

A crimping press may additionally advantageously com-
prise:

sensor or sensors for detecting whether bearing surfaces of
the drive lie against one another without play during the crimp
production process, and

adjuster apparatus for adjusting the biasing structures after
a negative result of detection, so that the bearing surfaces
cometo lie against one another, in contact without play during
the crimp production process.

In this variant, a control loop is formed by the detectors and
the adjuster. If it is found that the initial force is not sufficient
to eliminate the bearing play as desired, the force is increased
accordingly. Similarly, the biasing force may be decreased if
it is found that even a relatively low biasing force is sufficient
to reduce the bearing play as desired. In particular, it is thus
possible to prevent an unnecessarily high initial force from
being applied to the crimping press, in particular the drive
thereof. To measure whether the bearing surfaces lie against
one another, corresponding pressure sensors or strain gages
may be provided in the region of the bearings so as to indicate
a transfer of force over the bearing surfaces as they contact
against one another.

It is also particularly advantageous if:

the crimping press includes circuitry for detecting the force
applied between the first and second crimping tools according
to: a) the distance between the first and second crimping tools,
and/or, b) time; and,

the detection circuitry examine a force-path curve and/or
force-time curve recorded during the crimp production pro-
cess in terms of a curve originating from a bearing play in the
drive.

In this variant, the force-path curve or force-time curve
during the crimp production process is directly employed to
detect an abnormality originating from bearing play that has
not been sufficiently eliminated. For example, these abnor-
malities are present in the form of flat portions or disconti-
nuities in the force-path curve or force-time curve. In this
variant, sensor or sensors for detecting bearing play are also
utilised and are generally provided in any case in a crimping
press, namely for the force-path curve or force-time curve so
as to determine the quality of a crimp connection. The func-
tion of the established force-path curve or force-time curve
may therefore be twofold.

Lastly, it may be particularly advantageous if the crimping
press includes:

at least one sensor for detecting the force applied between
the first and second crimping tools, and,

adjusting arrangement for decreasing the initial force dur-
ing the crimp production process.

It is thus possible to prevent the crimping press, in particu-
lar the drive thereof, from being loaded excessively by the
initial force. Specifically, if the force applied between the first
and second tools increases due to the crimp production pro-
cess (that is to say when the crimp contact is pressed onto a
wire or a cable), the initial force is then decreased so as to
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reduce the overall load on the press. The overall force is
advantageously kept substantially constant, at least in some
regions. By subtracting the initial force from the total force, it
is possible to back-calculate the actual crimping force. All
adjustable actuators, for example a pneumatic or hydraulic
cylinder with adjustable pressure, are suitable for adjustment
of the initial force.

Versions, variants, and developments of the invention as
described herein may be combined in any way, as shall be
understood by readers skilled in the art. Reference in this
specification to “one/an embodiment,” “one/a version,” and
“a/one variant,” should be understood to mean that a particu-
lar feature, structure, or characteristic described in connec-
tion with the version, variant, or embodiment is included in at
least one such version, variant, or embodiment of the disclo-
sure. The appearances of phrases “in a/one version,” “in a/one
variant,” “in a/one embodiment,” and the like in various
places in the specification are not necessarily all referring to
the same variant, version, or embodiment, nor are separate or
alternative versions, variants or embodiments mutually
exclusive of other versions, variants, or embodiments. More-
over, various features are described which may be exhibited
by some versions, variants, or embodiments and not by oth-
ers. Similarly, various requirements are described which may
be requirements for some versions, variants, or embodiments
but not others. Furthermore, as used throughout this specifi-
cation, the terms ‘a’, ‘an’, ‘at least” do not necessarily denote
a limitation of quantity, but rather denote the presence of at
least one of the referenced item, and the term ‘a plurality’
denotes the presence of more than one referenced items. As a
further aid to reading, it should be noted that the terms “con-
nected” or “coupled” and related terms are used in an opera-
tional sense and are not necessarily limited to either a direct or
physical connection or coupling.

In this light, aspects of the present invention shall now be
explained in greater detail with reference to the exemplary
versions and variants depicted in the appended figures of
drawings, in which:

FIG. 1 shows a force-time curve when crimping according
to the prior art;

FIG. 2 shows a force-time curve when crimping with
superimposed initial force imposed by a spring of linear char-
acteristic curve;

FIG. 3 shows a force-time curve when crimping with
superimposed initial force imposed by a spring of declining
characteristic curve;

FIG. 4 shows a force-time curve when crimping with
superimposed initial force imposed by an actuator;

FIG. 5 depicts an exemplary crimping press with biasing
springs according to the invention;

FIG. 6 depicts an exemplary crimping press with biasing
actuators according to the invention;

FIG. 7 depicts an exemplary crimping press with a screw to
adjust the biasing force according to the invention;

FIG. 8 depicts an exemplary crimping press with a biasing
spring-actuator-combination according to the invention and

FIG. 9 depicts a connecting rod of a crimping press in
detail.

In the figures of the drawing, like and functionally like
elements and features are denoted by like reference labels,
unless indicated otherwise.

FIG. 1 shows a first exemplary force-time curve during a
crimp production process. In the illustrated graph the force F,
which acts between the two crimping tools, is plotted over
time t, which elapses as the first crimping tool moves relative
to the second crimping tool.
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It may be seen that the force F increases relatively sharply
from a certain point, namely when both crimping tools lie
against the workpiece. After a maximum force however, the
force F falls again sharply, namely when the crimping tools
are moved away from one another again. This is a typical
force-time curve during a crimp production process. Of
course, the force-time curve may deviate considerably in
practice, for example if different types of contacts are pressed
onto a wire.

Considering the FIG. 1 illustrated force-time curve, a flat
portion A and a local minimum B can be seen. Both therefore
originate from the fact that the bearing surfaces of two bear-
ings come to lie against one another at different times, that is
to say at different forces F. In the region A this occurs at
constant force, and in region B at decreasing force F. In region
B, the bearing surfaces “snap” together so to speak.

To assess the crimp production process, merely the central
portion of the force-time curve is generally used. This is
because the forces at the start and end of the crimp production
process are widely spread, and therefore are only of little
value for the assessment of the quality of a crimp connection.
In the present example, this central portion is indicated by
reference label D.

However, in this example, this portion D of the force-time
curve that is actually provided to determine the quality of a
crimp connection, has two portions A, B, which are not
caused by the crimp production process as such, but by bear-
ing play. As may be observed, this impairs the assessment of
the quality of a crimp connection considerably. In some cir-
cumstances, the bearing play may even result in the force-
time-curve leaving an admissible tolerance band in the
regions A and B and in the crimp connection therefore being
mistakenly qualified as unusable.

FIG. 2 shows the same situation as in FIG. 1, but in this
example an initial force is applied in following the invention,
between the first and second crimping tools. This initial force
is oriented in the same direction as the crimping force F and
is already effective/acting before the crimp production pro-
cess. In the present case, this force is exerted by a spring
having a linear characteristic curve C. It should be noted that
since the crimping tools move away from one another after
the maximum force F, the characteristic spring curve C falls
again from this point.

In FIG. 2 the discontinuities in the force-time curve in
regions A and B lie far before the actual crimp production
process. In particular, this means that the bearing surfaces of
the bearing, which cause the flat portion A, are driven towards
one another long before the crimp production process. The
portion D of the force-time curve, which characterises the
crimp production process, is unaffected by bearing play and
may therefore be used directly to assess the quality of a crimp
connection.

As canalso be seen from FIG. 2, itis often sufficient to keep
the portion D free from abnormalities which originate from
bearing play. It may not be absolutely necessary to keep the
entire crimp production process free from abnormalities
caused by bearing play.

FIG. 3 shows a similar situation as in FIG. 2, but with a
changed characteristic spring curve C. In this example force
initially rises sharply but then continues horizontally. For
example, such a characteristic spring curve C may be pro-
duced or approximated by a gas pressure spring that has a
pressure relief valve. The pressure inside the gas pressure
spring and therefore the externally effective force initially rise
sharply, but then remain at a constant level when the pressure
relief' valve is opened. By adjusting a matching opening pres-
sure, the characteristic spring curve C may be effectively be
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adapted for different requirements. Of course, other types of
springs having a decreasing characteristic spring curve may
also be used equally.

As can be easily observed, the bearing surfaces come to lie
against one another even earlier still, and therefore the regions
A and B in the graph shown in FIG. 3 lie even further to the
left. The portion D of the force-time curve that characterises
the crimping process, is completely unaffected by bearing
play. The quality of a crimp connection may be assessed with
even greater improvement.

FIG. 4 shows a similar situation as in FIG. 3, but the initial
forceis influenced actively in this example by an actuator. The
force F increases sharply initially and then remains constant,
as in FIG. 3. In contrast to the case shown in FIG. 3, it also
remains constant at the start of the crimp production process
however (see FIG. 3 dashed characteristic curve). This is
caused by the fact that the total force F is measured and the
initial force is reduced to such an extent that the total force F
remains at a constant level. The total force F is thus con-
trolled. If it increases due to the starting crimp production
process, the initial force is decreased accordingly.

At the point at which the total force F is higher than the
initial force due to the crimp production process, the force F
can no longer be kept constant and rises as in the above
examples because a further decrease in the initial force is no
longer possible (unless the actuator for applying the initial
force can also apply it in the reverse direction). In this region,
the force-time curve therefore resembles the force-time curve
from FIG. 1. If, however, the force F falls again below the set
level for the initial force, the initial force is then increased
again proportionally so that a horizontal portion in the force-
time curve is again provided at the end of the crimp produc-
tion process.

By measuring the currently applied initial force, this can be
subtracted from the force-time curve illustrated by the solid
line in FIG. 4 so that the force-time curve may be recon-
structed without initial force. The resultant force-time curve
during the crimp production process (illustrated by a dashed
line in this case) therefore resembles the curve illustrated in
FIG. 1, but without the regions A and B originating from the
bearing play, which lie very far to the left in the graph, as
before, and therefore are very far from the crimp production
process.

An advantage of this variant of the invention is that the
maximum force in the force-time curve does not lie above the
level without initial force shown in FIG. 1, in spite of appli-
cationofaninitial force. The crimping press thus is not loaded
to a greater extent by the initial force, in contrast to the cases
illustrated in FIGS. 2 and 3.

For example, pneumatic or hydraulic cylinders in which
the pressure may be controlled actively are possible actuators
for the variant of the invention illustrated in FIG. 4. Of course,
other actuators suitable for application of an adjustable initial
force may also be used employed.

It is also advantageous to detect whether bearing surfaces
of the drive lie against one another without play during the
crimp production process. If this is not the case, for example
because abnormalities, such as flattened portions A and local
minima B, have been detected in the force-time curve, the
biasing structure or the initial force is/are adjusted in such a
way that the bearing surfaces come to lie against one another
without play during the crimp production process and there-
fore there are no longer any abnormalities. The initial force is
advantageously of such a strength that no abnormalities at all
can be determined.

FIG. 5 depicts a variant of a crimping press 1 according to
the invention. The crimping press 1 comprises a machine
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frame 2, a drive shaft 4 mounted in a drive shaft bearing 3, a
cam 5 connected to the drive shaft 4 and a connecting rod 6,
which is connected to the cam 5 and which is connected viaa
connecting rod bearing 7 to a press carriage 8. The press
carriage 8 is mounted displaceably in the carriage guides 9a
and 9b.

A crimping device 10, which includes a first crimping tool
11, is also connected to the machine frame 2. In this example,
the first crimping tool 11 is arranged fixedly relative to the
machine frame 2. This is in no way obligatory, however.
Rather, the first crimping tool 11 may also be movably
mounted relative to the machine frame 2.

The press carriage 8 is also connected via a flexural beam,
on which a crimping force sensor 12 is arranged, to a second
crimping tool 13, which may thus be moved relative to the
machine frame 2.

Moreover, the crimping press 1 comprises a holder 14 on
the carriage side, a holder 16 fixed to the frame, and a resilient
element 15 arranged between the holder 14 on the carriage
side and the holder 16 fixed to the frame. Finally, the crimping
press 1 comprises an electronic circuit 19 connected to the
force sensor 12, and a timer 20 connected to the electronic
circuit 19. In this example, the force sensor 12, in combina-
tion with the electronic (evaluation) circuit 19, detect the
force F applied between the first and second crimping tools
11, 13.

The crimping press 1 illustrated in FIG. 5 functions as
follows:

The cam 5 is moved via the drive shaft 4 and transfers the
driving force onto the press carriage 8 via the connecting rod
6. During the crimp production process, the press carriage 8
moves downwards so that the two crimping tools 11 and 13
are driven towards one another. The force present between the
crimping tools 11 and 13 is measured continuously with the
aid of the crimping force sensor 12. By the electronic circuit
19 and the timer 20 (which may also be integrated in the
electronic circuit 19) a force-time curve may be acquired.
Consequently, the force sensor 12 and the timer 20 (in par-
ticular in combination with the electronic circuit 19) repre-
sent detection apparatus designed to acquire a force-time
curve during the crimp production process. Such a force-time
curve may be recorded and stored in a memory in the elec-
tronic circuit 19 for further use and/or examination.

An initial force is then applied between the first and second
crimping tools 11,13 by the resilient element 15 and is already
effective before the crimp production process. This initial
force causes the bearing surfaces of the bearings in the driv-
etrain to contact against one another. In the present case, this
concerns for example the bearing between the cam 5 and the
connecting rod 6, and the bearing between the connecting rod
6 and the press carriage 8.

If the second crimping tool 13 then ultimately contacts a
workpiece (not illustrated) as the press carriage 8 is moved
further down, any bearing play is thus eliminated insofar as it
only has a much weaker effect on the force measurement
during the actual crimp production process or no longer
affects it at all.

Alternatively or in addition to the pressurised resilient ele-
ment 15, a resilient element 18 may also be provided, which
is arranged between a holder 17 fixed to the frame and the
holder 14 on the carriage side and is tensioned.

For example, a helical spring, a Volute spring, a leaf spring,
a disc spring, a gas pressure spring, an elastomer soring or a
spring made of a fibre composite material may be provided as
a resilient element 15 or 18 to produce a force-time curve as
illustrated for example in FIGS. 2 and 3.
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Actuators may also be provided instead of the resilient
elements 15 or 18 (or additionally thereto). For example, a
pneumatic cylinder in which the pressure may be actively
controlled may be provided between the holder 14 on the
carriage side and the holder 16 fixed to the frame so as to
produce a force-time curve as illustrated for example in FI1G.
4.

FIG. 6 depicts an exemplary crimping press 1, which is
quite similar to the crimping press 1 of FIG. 5. In contrast, a
pneumatic/hydraulic cylinder 21 instead of the resilient ele-
ment 15 is provided between the holders 14 and 16. The
pneumatic/hydraulic cylinder 21 is designed to apply a pres-
sure force between the holders 14 and 16. However, in lieu
thereof, or additionally, a pneumatic/hydraulic cylinder 22
(shown with dashed lines) may be provided between the
holders 14 and 17 and apply a tension force between these
holders 14 and 17. By variation of the pressure which is put on
the pneumatic/hydraulic cylinder 22, the biasing force may
easily be adjusted. Thus, a pneumatic/hydraulic cylinder 22
may act both as biasing structure and bias adjusting structure.

Furthermore, the pneumatic/hydraulic cylinder 21, 22 may
be used as means to decrease an initial biasing force, in
particular during crimping. It is thus possible to prevent the
crimping press 1, in particular the drive 3 . . . 8 thereof, from
being loaded excessively by the initial force. In this case, the
initial force is decreased so as to reduce the overall load on the
press 1. The overall force is advantageously kept substantially
constant, for example as was explained in relation to FIG. 4.

A further difference relates to the acquisition of a force
graph. A path/length (displacement) measuring device 23 is
provided instead of a timer 20 in this example. Accordingly,
the electronic circuit 19 acquires a force-path-curve instead
of a force-time curve. Consequently, the force sensor 12 and
the length measuring device 23 (in particular in combination
with the electronic circuit 19) represent a detector designed to
acquire a force-path curve during the crimp production pro-
cess. Such a force-path curve may be recorded and stored in a
memory in the electronic circuit 19 for further use and/or
examination.

Alternatively, it is also conceivable for resilient elements or
actuators to be arranged at a location other than as illustrated.
For example, these may be arranged directly between the first
and second crimping tools 11 and 13. Of course, a plurality of
biasing structures may also be arranged on the press 1, for
example between the connecting rod 6 and the cam 5 as well
as between the connecting rod 6 and the press carriage 8. In
this regard, many possible implementation variants of the
inventive principle, in terms of construction, are made evident
for a reader skilled in the art, however.

Turning to FIG. 7, it depicts a crimping press 1 with an
adjuster for the biasing force produced by the deformation of
spring 15. The adjusting screw 24 is provided with an adjuster
of the biasing force.

For example, also the teaching from FIGS. 2 and 4 may be
combined by combining a spring 18 with an actuator 22 (e.g.
again a pneumatic/hydraulic cylinder 22), this being depicted
in FIG. 8. Such an arrangement may be especially useful,
when employing hydraulic cylinders 22 that do not provide a
spring constant by nature as pneumatic cylinders do. For
example, the pistons of such hydraulic cylinders 22 may be
set to a dedicated position for a desired spring constant, and
this position may be maintained constant for a longer period
of time, e.g. several crimping cycles.

Finally, FIG. 9 depicts a connecting rod 6 of a crimping
press 1 in detail. For reasons of better visibility the bearing
play between the connecting rod 6, the cam 5 and the con-
necting rod bearing 7 is depicted in exaggerated extent. In the
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example of FIG. 9, there is depicted a state, in which the
crimping press 1 is biased, respectively in a state, in which a
crimping force is applied. Accordingly the bearing surfaces
5a, 6a, 6b and 7a are in contact in their upper respectively
lower regions. Hence, a tension force is applied to the con-
necting rod 6, which in this example may be measured by a
strain gage 25. This strain gage 25 may be used to detect
whether the bearing surfaces ofthedrive 3 . . . 8 lie againstone
another without play. If there is no tension (or pressure) force
or just a low force, the bearing surfaces 5a, 6a, 65 and 7a may
be considered as being not in contact, or as being just in loose
contact. Accordingly, a biasing force may be applied or
increased until the bearing surfaces of the drive 3 . . . 8 lie
against one another without play, meaning until the bearing
forces F1, F2 are sufficiently high. Thus, it is possible to
prevent an unnecessarily high initial force from being applied
to the crimping press 1, and in particular the drive 3 . . . 8
thereof. It should also be noted that the strain gauge 25 may be
connected to the electronic circuit 19 to process the measured
force. It should also be noted that the same considerations
may be made with respect to backlash (e.g. in a gear box of the
crimping press 1).

A further possibility to ensure that the bearing surfaces of
the drive 3 . . . 8 lie against one another without play is to use
the force-time curve and/or force-path curve acquired by the
force sensor 12 and the timer 20, or, respectively, the length
measuring device 23. The electronic circuit 12 may examine
the force-time curve and/or force-path curve with respect to
anomalies A, B, and raise a biasing force by controlling a
pneumatic/hydraulic cylinder 21, 22 or other adjuster (e.g. the
adjusting screw 24) until the anomalies A, B are (just) out of
the portion D for determining quality, that is, the region D in
which crimping is performed. Similarly, the electronic circuit
12 may be used to lower a biasing force until anomalies A, B
are just out the portion for determining quality D. In this way
bearing play as well as excessive biasing forces may be
avoided.

In summary, bearing play/backlash as well as excessive
biasing forces may be avoided by keeping a force measured
by the strain gauge 25 in a region >0 or by evaluation of a
force-time curve and/or force-path curve and keeping anoma-
lies A, B (just) out of the portion for determining quality D. Of
course, both techniques may be combined, and, of course,
bearing forces may be measured in other ways (e.g., by piezo
pressure sensors), or on other or additional parts of the crimp-
ing press 1. For example, the current supplied to a motor of the
crimping press 1 may be measured and used for the decision
whether there is bearing play and/or backlash or not. If the
current is sufficiently high (just) before entering the portion
for determining quality D, the bearing play and/or backlash
may be considered as being removed.

In closing, it is noted that as force-progression curves,
force-path curves may equally be utilised for the invention
instead of force-time curves such as those illustrated in FIGS.
1 to 4. The depicted exemplary variants of the crimping press
1 also constitute merely a fraction of the many possibilities
and should not be considered as limiting to the field of appli-
cation ofthe invention. Further, the illustrated variants may be
combined and modified as desired. In addition, it is noted that
parts ofthe devices illustrated in the figures may also form the
basis of independent inventions. Thus, in closing, it should be
noted that the invention is not limited to the abovementioned
versions and exemplary working examples. Further develop-
ments, modifications and combinations are also within the
scope of the patent claims and are placed in the possession of
the person skilled in the art from the above disclosure.
Accordingly, the techniques and structures described and
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illustrated herein should be understood to be illustrative and
exemplary, and not necessarily limiting upon the scope of the
present invention. The scope of the present invention is
defined by the appended claims, including known equivalents
and unforeseeable equivalents at the time of filing of this
application.

LIST OF REFERENCE LABELS

A flat portion

B local minimum

C characteristic spring curve

D portion for determining quality

F force

F1, F2 bearing force

t time

1 crimping press

2 machine frame

3 drive shaft bearing

4 drive shaft

5 cam

5a bearing surface on cam

6 connecting rod

6a, 65 bearing surface on connecting rod

7 connecting rod bearing

7a bearing surface on connecting rod bearing
8 press carriage

9a, 96 carriage guide

10 crimping device

11 first crimping tool

12 crimping force sensor

13 second crimping tool

14 holder on the carriage side

15 resilient element for pressure mode

16 holder fixed to the frame for pressure mode
17 holder fixed to the frame for tension mode
18 resilient element for tension mode

19 electronic circuit

20 timer

21 pneumatic/hydraulic cylinder for pressure mode
22 pneumatic/hydraulic cylinder for tension mode
23 length measuring device

24 adjusting screw

25 strain gauge

What is claimed is:

1. A crimping press comprising:

a machine frame;

adrive shaft, said drive shaft being mounted in a drive shaft
bearing;

a cam connected to said drive shaft;

a connecting rod operatively connected to said cam, said
connecting rod being operatively connected to said cam
at a first location on said connecting rod;

a press carriage, said connecting rod being operatively
connected to said press carriage via a connecting rod
bearing, said connecting rod being operatively con-
nected to said press carriage at a second location on said
connecting rod;

at least one carriage guide connected to said machine
frame, said press carriage being mounted on said at least
one carriage guide;

a first crimping tool mounted on said machine frame;

a flexural beam connected to said press carriage;

a second crimping tool connected to said press carriage via
said flexural beam;

a first bias applicator holder connected to said press car-
riage;
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a second bias applicator holder connected to said machine
frame; and
a bias applicator configured to apply a prebiasing initial
force acting at least codirectionally to the crimping force
reaction separatory to said first and second crimping
tools prior to crimping engagement of said first and
second crimping tools, said bias applicator being situ-
ated between said first and second bias applicator hold-
ers.
2. A crimping press as claimed in claim 1 further compris-
ing:
said bias applicator includes a spring; and
said spring is tensioned to pull said first bias applicator
holder towards said second bias applicator holder.
3. A crimping press as claimed in claim 1 further compris-
ing:
said bias applicator includes a first spring; and
said first spring is compressed to push said first bias appli-
cator holder away from said second bias applicator
holder.
4. A crimping press as claimed in claim 3 further compris-
ing:
a third bias applicator holder connected to said machine
frame; and
a second spring between said first and third bias applicator
holders, said second spring being tensioned to pull said
first bias applicator holder towards said third bias appli-
cator holder.
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5. A crimping press as claimed in claim 1 further compris-
ing:
a spring;
a spring adjuster for adjusting the prebiasing initial force of
said spring; and
said bias applicator includes said spring.
6. A crimping press as claimed in claim 1 further compris-
ing:
said bias applicator includes an actuator,
said actuator is situated to pull said first bias applicator
holder towards said second bias applicator holder.
7. A crimping press as claimed in claim 1 further compris-
ing:
said bias applicator includes a first actuator,
said first actuator is situated to push said first bias applica-
tor holder away from said second bias applicator holder.
8. A crimping press as claimed in claim 7 further compris-
ing:
a third bias applicator holder connected to said machine
frame; and
a second actuator between said first and third bias applica-
tor holders, said second actuator situated to pull said first
bias applicator holder towards said third bias applicator
holder.
9. A crimping press as claimed in claim 1 further compris-
ing:
said bias applicator includes a spring, and said bias appli-
cator includes an actuator.
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